Introduction.
The experimental curve representing on a log-log plot the dependence of the viscosity of a polymer melt with respect to the number of monomers N appears as made [1] of two straight lines with slopes 1 and 3.4 (see Fig. 1 ). For large N, the current reptation theories [2, 3] predict that the value of the slope should be 3. Graessley [4] has suggested that the anomaly could be explained by crossover effects. M. Doi [5] has claimed that the experimental result can be reproduced, for N &#x3E; 1, by representing each polymer as an elastic string reptating in a thin tube. Here, this question is reexamined and we study in great detail a model which is similar to the Doi model.
The model.
The polymer is represented by an elastic string made of N links (see Fig. 2 ) moving along an axis which represents the tube; however the tube itself is considered as a Brownian curve (see Fig. 3 ). The lengths of the links are independent random variables.
The probability distribution of the length of a link is assumed to be The relaxation modes correspond to eigenfunctions ~(jc, y) of HN ; these eigenfunctions are defined in the domain y &#x3E; x ; they are solutions of a Whittaker equation [6] . The eigenvalues which correspond to the relaxation of the end-to-end distance are with p = 0, 1, 2, ...
The conserved tube length 'N(t).
At time t = 0, the system is supposed to be in equilibrium. Let where" is the viscosity of the melt and" 0 a constant 4. Properties of 'N(t).
For N ~ 1 (rigid rod limit), we get (in a non trivial way) the classical result (see Fig. 4 ). 6. Discussion and conclusion.
The elasticity which is attributed to the polymer string produces effects which go in the right direction; thus, we see on the log-log plot of figure 8 that the slope of the curve can be larger than 3 and the effect appears even more clearly on figure 9 .
Still, the result of this careful investigation is rather disappointing. Our model is unable to produce the large effects which are needed to explain the experimental results. In particular, the so-called « Rouse region » is very badly represented, appreciable effects occur only for rather small values of N (N 3.5) and, for N ~&#x3E; 1, the slope is only 3. It also appears that small modifications of the model cannot change the results in a drastic way and, in particular, Doi's model [5] should not be better than ours.
Actually, we see on figure 6 that QNISlN 1.5 for all N and moreover lim ~/~ = 1. Thus, N-+oo as q is fundamentally proportional to 1 IQN, our result differs from the exact answer at most by a factor 1.5 for all N, and probably by a smaller factor in the regions of interest. On the other hand, neglecting the higher modes (see Eq. 3) may lead to an error of the same magnitude. However, the experimental results listed by Berry and Fox [1] show that straight lines of slope 3.4 are observed at least over two decades and, with respect to lines of slope 3, two decades correspond to a factor 10°.8 = 6.3. Moreover if Graessley's interpretation [4] is correct the real factor should be substantially larger because the effective index cannot pass abruptly from 3.4 to 3.
Thus, we may say that the viscosity properties of a polymer melt cannot be explained by the simple reptation of an elastic string in a thin tube, and, incidentally, this conclusion seems in agreement with the result of recent computer simulations [7] .
Obviously, the theory has to be seriously modified and the following possibilities cannot be excluded :
1) the assumption that the stress relaxation tensor G(t) is proportional to the conserved tube length I N( t) is not realistic, 2) sideways motions of the polymers have to be taken into account when the number of links is not large.
